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ABSTRACT
The Mt. Cusna ridge, located in the Northern Apennines (North Italy), is a mountain area of
relevant geological interest for the interaction through time of distinct geomorphic
processes, acting since the end of the Last Glacial Maximum. A geomorphological map at the
1:10,000 scale was produced to characterise the main landforms and processes identiﬁable
on the ridge. From this, a detailed reconstruction of the Holocene landscape history of the
area is drawn. After deglaciation, at the end of the Pleistocene, glacial and periglacial
processes left wide deposits and barren surfaces. Slope and running water processes acted
cyclically on the landscape through phases of stronger slope denudation and landslide
activation followed by stability periods. These processes are related to the main climatic
changes recorded for the N Apennines during the Holocene. Since the Late Holocene, the
impact of human communities may have played a prominent role as an agent of landscape
modiﬁcation.
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The Northern Apennines are a young and complex
mountain chain, heavily bent and deformed by tec-
tonics during the Tertiary and Quaternary, which tec-
tonic evolution is still ongoing (e.g. Molli, 2008; Molli
et al., 2010; Vai & Martini, 2001). In such a dynamic
geologic environment, surface processes are continu-
ously working and reshaping the landscape in a variety
of forms through time. This is especially true at higher
elevations, where the tectonic forces are better
expressed and geomorphic evolution has been trig-
gered in time by a wider range of factors, both from
geological settings and exogenous surface processes
(Carton & Panizza, 1988; Giraudi, 2017). Since the
Last Glacial Maximum (LGM), when surface processes
were largely inhibited by the presence of glaciers, many
areas of the Apennines underwent their full reactiva-
tion and have been heavily remodelled. During the
Holocene, landscape evolution, as a natural phenom-
enon, also interacted multiple times with human
activity: human presence in the area is well established,
with the ﬁrst evidence starting since the Mesolithic
period (c. 9000 years BP), when hunt-gather groups
exploited the higher part of the chain (Biagi, Castelletti,
Cremaschi, Sala, & Tozzi, 1980; Castelletti, Cremaschi,
& Notini, 1976; Castelletti & Cremaschi, 1975; Cre-
maschi et al., 1984). Traces of occasional frequentation
during the Chalcolithic and the Iron and Roman Ages
are also found (Cremaschi & Nicosia, 2012; Panizza
et al., 1982). From the Early Middle Ages (Panizza
et al., 1982), human impact increases through the
appearance and later expansion of stable pastures and
logging activities in the land, which are still present
and continuously increasing to this day.
Mt. Cusna, among the other peaks of the Northern
Apennines, is a paradigmatic case of study, and was
investigated during the 1980s as part of a classic geo-
morphological work, which produced a 1:25,000 scale
map of a larger area of the Appennines including its
NE slope (Panizza et al., 1982). However, new data
on deglaciation and recent Quaternary studies con-
ducted on the Holocene climate changes and soil
development in the area (Compostella, Trombino, &
Caccianiga, 2012; Compostella, Mariani, & Trombino,
2014; Mariani, 2016) highlighted the need to improve
the knowledge of the Holocene evolution of the
whole Mt. Cusna ridge, focusing solely on the higher
landscape. Here, a new geomorphological map (Main
map) of the Mt. Cusna ridge at 1:10,000 scale is pre-
sented, with the aim of completing the geomorphologi-
cal investigation of this landmark and of reconstructing
how and by which processes the landscape of an high
altitude Mediterranean region has been reshaped
since the end of the last glaciation.
2. Study area
The Northern Apennines are characterised by an
extremely complex geological structure. The collision
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of the Adria and European continental plates
(Klingﬁeld, 1979; Vai & Martini, 2001 and references
therein) shaped the Apennine orogen into a fold-
and-thrust belt verging North to NE in the direction
of the main tectonic deformation (Argnani et al.,
2003; Bartolini et al., 1982; Vescovi, 1988). As a result,
the mountain chain is organised in a series of ridges
oriented NW–SE. Mt. Cusna, the second peak of the
Northern Apennines (2121 m a.s.l.), represents the cul-
minating fold of one of such ridges. Towards SE, it runs
at an elevation of around 2000 m a.s.l. to Mt. La Piella
(2071 m a.s.l.), ending at a saddle located at Il Passone.
To the North, the ridge connects to the lower Mt.
Bagioletto (1758 m a.s.l.), a smaller ﬂat summit degrad-
ing more gently into the valleys below (Figure 1).
Other than tectonics, the local morphology is
strongly inﬂuenced by the lithological features of the
outcropping rocks, mainly derived from turbiditic or
deep-sea sedimentary deposition (Bortolotti, 1992;
Ricci Lucchi, 1986). Sandstones are the most rep-
resented lithology in the area, forming all the main
peaks and most of the summit of the ridge itself
(SGSS – Regione Emilia-Romagna, 2007a, 2007b,
2007c, 2007d). Claystones, sometimes interbedded
with limestone levels, are also widespread together
with marlstones, outcropping on both sides of the
ridge as well as North of it (Figure 1). Due to the active
compressional tectonics of this side of the Apennine
range (Gelati, 2013; Siddiqui & Soldati, 2014; Vai &
Martini, 2001), all these lithologies are widely bent
and fractured in folds and thrusts in the whole area.
The main active morphogenetic processes are mainly
due to gravity and running water, as well as human
inﬂuence (Bruschi, Coratza, Piacentini, & Soldati,
2012; Piacentini, Ercolessi, Pizziolo, & Troiani, 2015).
Glacial and periglacial processes were widespread
during the Pleistocene (Losacco, 1982; Panizza et al.,
1982)
3. Methods
The geomorphological mapping of the Mt. Cusna ridge
was supported by a combination of the available topo-
graphic and geological data together with thematic car-
tography stored in a GIS geodatabase. Digital 1:5000
scale topographical mapping (Regione Emilia-
Romagna, 2017) provided the contour lines used for
the preliminary identiﬁcation of the landforms,
together with aerial photos (aerial passage AGEA
2012: Ministero dell’Ambiente e della Tutela del Terri-
torio e del Mare, 2017) and a 5 m resolution Digital
Terrain Model used to obtain a 3D surface of the
area (SGSS – Regione Emilia-Romagna, 2017). Google-
Earth™ high resolution satellite images were also con-
sulted for detailed investigations on features visible at
the 1:10,000 scale. Lithology of the bedrock formations
and structural features were acquired from 1:10,000
scale geological map (SGSS – Regione Emilia-
Romagna, 2007a, 2007b, 2007c, 2007d) and included
in the map; data on the distribution of Quaternary
deposits were acquired from the same source (SGSS –
Regione Emilia-Romagna, 2007a, 2007b, 2007c,
2007d) to provide a reference for survey operations.
The previous geomorphological investigation by
Panizza et al. (1982) was used for a preliminary assess-
ment of the distribution of landform types along the
NE slope of the Mt. Cusna ridge.
Geomorphological survey was performed in three
diﬀerent ﬁeld seasons (2013–2015). All geomorpholo-
gical features present in the existing cartography were
identiﬁed and, when necessary, remapped and reinter-
preted (Butler, 2013). New features detected from
remote sensing or discovered in the ﬁeld as well as
the landforms related to structural elements were
mapped and interpreted. Quaternary deposits and
soils were described in the ﬁeld following the guidelines
of Gale and Hoare (1991) and FAO (2006) respectively
and mapped accordingly. Mapping mainly followed the
guidelines from the Italian Geological Survey (Brancac-
cio et al., 1994; D’Oreﬁce & Graciotti, 2015). From the
same guidelines, most of the symbols for the identiﬁed
landform types were provided, as well as the colour
coding for each genetic process with higher or lower
intensity according to the active/inactive state of the
landform.
A Late Pleistocene to Holocene chronology for the
development of the mapped landforms was compiled
using several methods. Soils developed on signiﬁcative
landscape units were used as chronological reference
according to their development (discussed in Mariani,
2016). Dating and other chronological insights were
provided by comparisons with the available literature
(Compostella et al., 2012, 2014; Giraudi, 2014; Panizza
et al., 1982).
4. Results
4.1. Structural setting and related landforms
The tectonic structure drives the entire geomorpholo-
gical evolution of the area in subtle, but considerable
ways. The Mt. Cusna ridge is characterised by a tight
fold overturned NE; normal and subordinately
reversed faults are present and show apenninic (NW–
SE) and antiapenninic (NE–SW) strikes. To the
North, Mt. Bagioletto shows the same anticline struc-
ture, this time overturned North. In the whole area,
overthrusts are manly directed North and NE, particu-
larly in the northern part and aroundMt. Cusna, where
they are sometimes associated to cuestas and minor
escarpments. In the SE part of the ridge, a particularly
evident fault breaks the continuity of the ridge itself in
direction E–W, forming a saddle in the ridge crest.
Along the ridge many escarpments, especially in
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Figure 1. Location, satellite image (GoogleEarth™) and simpliﬁed lithostructural map of the study area. Main localities cited in the
text are present. UTM Coordinate grid, units in metres.
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summit positions, have a structural origin: these are
particularly evident along the SW slope (Figure 2(a)),
where the erosion of the anticline has uncovered struc-
tural cliﬀs several tens of metres high. Another two
parallel main faults running NW to SE are located in
the northern part of the map. Between these two
lines a strong tectonic strain aﬀects the area and its
morphology, forming two consecutive valleys charac-
terised by a series of erosional gullies parallel to the
fault (Figure 2(b)). Two other main faults, oriented
N–S, lie on the North side of Mt. Bagioletto, cutting
the entire Mt. Bagioletto anticline perpendicularly in
three portions (Figure 2(c)).
4.2. Glacial and periglacial processes and
landforms
Glacial and periglacial processes have strongly remo-
delled this area during the last glacial phases. Although
the physical disappearance of the ice cover is probably
traceable to the end of the Pleistocene (Losacco, 1949),
evidence of the passage of glaciers is still widespread as
cirques and till deposits (Losacco, 1982). The shape of
cirques is usually clearly recognisable: ample niches are
present above the treeline located on the NE ridge, with
sharp upper crests and steep slopes more or less eroded
and modiﬁed by later slope processes. Wide talus
sheets connect the bottom of the niches to the extended
till deposits below. Till covers most of the lower NE
slope of the ridge, forming a continuous deposit
10 km2 wide and up to 10 m thick (Figure 3(a)). The
form and characteristics of glacial sediments are com-
plex: from a geometric point of view, they are
characterised by the presence of at least two moraine
arcs, attributable to the most recent glacial advances.
The uppermost moraine system consists of a series of
smaller arcs at elevations between 1400 and 1550 m
a.s.l., compatible to the last advance of the ice front,
possibly during the Late Glacial period. The lower
one is composed by two wide tongues, one partially
extending outside the map, located between 1100 and
1300 m a.s.l., and is probably related to the LGM. In
between these clearly visible arcs, a series of smaller
ridges, sometimes in position geometrically diﬃcult
to interpret, is present. Their formation could be
caused by a later reworking of the deposits by perigla-
cial processes rather than by a proper glacial advance.
Scattered on glacial deposits many erratic blocks sev-
eral metres wide can be found, often at the foot of mor-
aine arcs. This suggests sliding movements caused by
the reworking of the moraines.
Parts of the landscape not reached by glaciers were
still subject to intense periglacial processes, testiﬁed
by the general rounded and hilly aspect of the slopes,
especially in the area of Mt. Bagioletto. Its northern
slope hosts a wide expansion of glacis deposits formed
by a regularised layer of angular blocks and gravel,
sometimes oriented downslope, embedded in a silty
matrix. The deposits occupy elevations from 1400 to
1200 m a.s.l. down to the foothill outside the map
limits. Soliﬂuction has probably been cyclically present
after the LGM, following the ﬂuctuations of the cli-
mate, and is presently active in summital or steep pos-
itions, where the snow cover is thinner and easily
removable by gravity or wind action (Figure 3(b)). In
these areas, including the summit of Mt. Cusna, it is
Figure 2. (a) Southern portion of the ridge seen from Mt. Cusna, with visible structural escarpments and talus heaps. (b) Parallel
erosional network of gullies on the northern slope of Mt. Cusna; in the foreground, denudation phenomena due to washout erosion.
(c) Parallel faults (in yellow) cutting Mt. Bagioletto (right) in three portions degrading West to Prati di Sara (left).
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possible to see lobes and steps produced by frost creep.
Protalus ramparts are often found inside cirques
(Figure 3(c)). Their formation is favoured by the
heavy accumulation of snow in this area, though it is
sometimes diﬃcult to outline proper nivation hollows
from the cliﬀs above, indicating a more widespread
active phenomenon of continuous detachment of
materials.
On the SW slope of the ridge, glacial and periglacial
landforms are completely lacking. This is not unex-
pected, since in this part of the Apennines glacial
activity is always associated with northern and eastern
slope aspects and very rarely elsewhere (Federici, 1977;
Federici & Tellini, 1983; Losacco, 1949). The only
recognisable traces of glacier inﬂuence on this side
are cliﬀ edges in the southernmost part of the valley,
at elevations between 1800 and 1700 m, probably
carved by a glacial tongue originated on the other
side of the valley (outside the map) and spared from
later slope processes. Periglacial processes are also
almost lacking and limited to few possible scattered
inactive rock glaciers, located on the higher part of
the slope.
4.3. Gravity-induced processes and landforms
On steeper slopes, mainly present at higher elevations
and usually associated with sandstone outcrops, the
main denudational slope process leads to the formation
of talus. Talus deposits derive from rock and debris fall
below active scarps: here, they are organised in a layer-
ing of successive cones, forming in time continuous
scree-like forms representing the majority of the depos-
its in the whole area. Cones still retain their shape only
when isolated or recently deposited. Active talus depo-
sition is currently limited to higher elevations (above
the treeline), and past deposits located below are
today covered in vegetation (Figure 3(d)). On the
upper ridge, the presence of linear gullying is mainly
related to the deposition of debris ﬂows. These move-
ments get reactivated periodically by detachments
possibly triggered by avalanches or snowmelt, and
leave deposits at the foot of the slopes sometimes vis-
ible as distinct cones on the SW side of the ridge. On
the other slope, these gullies lay at a lower angle: chan-
nels here tend to collect into the water system with con-
tinuity transporting the ﬂowing materials to lower
elevations. This system, once formed, becomes the pre-
ferential way for snowmelt discharge and gets progress-
ively deepened by water erosion.
The Mt. Cusna area, like many parts of the Northern
Apennines, is subject to extremely active slope mor-
phodynamics (Bertolini & Pellegrini, 2001 and refer-
ences therein). In fact, rock and debris slides are
widespread on the slopes of the ridge with varying
dimensions and positions (Figure 4(a)): sometimes,
their movement is complex and diﬃcult to understand.
Especially large deposits are found on the SW slope,
where the energy of steeper slopes and the potential
for slide detachment are higher. When not clearly
active, these forms can always be considered dormant
and subject to potential reactivation, in accordance
with the dynamic setting of the area (Dramis & Bisci,
1998; Piacentini et al., 2015). Slope instability and land-
slide reactivation phases are recorded in connection
with past changes in the climate regime (Bertolini &
Tellini, 2001; Soldati et al., 2006; Tellini & Chelli,
2003): datings on landslide deposits from this sector
Figure 3. (a) Front view of a moraine arc colonised by forest. (b) Surfaces interested by frost creep in the highest part of Le Prese. (c)
Protalus rampart on the slope of a cirque. (d) Stabilised talus heaps on the southern slope of the ridge.
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of the Apennines clearly show a peak in slope activity
following a period of climate cooling during the tran-
sition to the Neoglacial (c. 4000 years BP: Soldati
et al., 2006; Bertolini, 2007). It might also be the case
here: evidence from dated soil sequences (Compostella
et al., 2012; Giraudi, 2014) suggests a period of partial
reactivation of slope processes at the beginning of the
Late Holocene and an extant more complex phase,
with erosive processes related both to running water
action and slope instability. Other periods of instability
during the Early Holocene, related to postglacial warm-
ing, have also been detected at lower elevations
(Panizza et al., 1982).
Deep-seated gravitational slope deformations
(DSGSD or DGSD: Goudie, 2004) and their surface
features are common in the area, as in most of the
Apennines (Della Seta et al., 2017; Dramis & Sorriso-
Valvo, 1994; Gori et al., 2014; Taramelli & Melelli,
2009). They are usually made visible by the presence
of two valleys diverging from a summit point and
marking the upper and side boundaries of the defor-
mation itself. These valleys occupy the intersection
between the detachment surface and the slope (unload-
ing valleys) and sometimes become preferential water-
ways connected to the main catchments. On the
summit area of the deformation trenches and piping
forms are often present, usually collecting water as
ephemeral ponds (Figure 4(b)). Three separate sys-
tems, however, show diﬀerent features. The ﬁrst, placed
at about the middle section of the SW slope of the ridge
(Figure 4(c)), is a very large deformation occupying the
entire slope from below the crest to the bottom of the
valley. Diﬀerently from the other landforms, its main
body has moved downwards by more than 200 m,
forming several double crests and counterscarps
(Figure 4(d)) and a vast ﬂatter area at its top covered
by talus and other deposits. Parallel to this, another
large landform is present on the same slope in the
northernmost part of the map characterised by a
clearly cut step on the body of the deformation. In
this case, though, instead of a pattern of counterscarps,
the release of the form from the bedrock caused the for-
mation of dilatation cracks perpendicular to the valley,
following the dip of the strata. The last important sys-
tem is found on Mt. Bagioletto, where three diﬀerent
deformations located side by side can possibly be sep-
arate portions of a single widespread movement invol-
ving the entirety of its northern slope. In fact, the
bottom of the slope, outside the map, shows a peculiar
convexity that could be interpreted as the initial for-
mation of a foot.
4.4. Processes and landforms due to running
water
Surface running water eﬀects are constrained essen-
tially by the characteristics of the bedrock. Two
diﬀerent types of water erosion contributed in shap-
ing the ridge. On outcropping sandstones, the drai-
nage system exploits already available conduits such
as debris ﬂow channels, fault lines and unloading val-
leys. Erosion phenomena and alluvial deposition
mainly follow these preferential ways as in the case
of the fault on the NE slope of the ridge between
Mt. La Piella and Mongiardonda. Here, the formation
of a valley along the fault, with ongoing removal of
Figure 4. (a) Recent rock-slide on the Northern side of the Mt. Cusna ridge. (b) DGSD summit trench partly occupied by an ephem-
eral pond. (c) Satellite image (GoogleEarth™) of a DGSD in the southern slope of the ridge with visible trenches and counterscarps
running NE to SE. (d) Counterscarp system of (c) seen from the North.
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material and its deposition downstream, formed in
time three successive alluvial fans. Runoﬀ and wash-
out phenomena are eﬀectively limited by the semi-
permeable behaviour of the intensely fractured
underlying rocks, which allows passage of water
underground weakening the intensity of surface pro-
cesses (Manzi et al., 2004). On the other hand, clays
and marlstones, albeit as well diﬀusely fractured,
remain mostly impermeable. Consequently, the
resulting enhanced runoﬀ often exposes surfaces:
large washout areas are visible both south of the
ridge and between Mt. Cusna and Mt. Bagioletto,
where dense networks of hierarchical pseudo-gullies
are found (Figure 5(a)). Related to water are also a
series of badlands-like forms mapped south of Prati
di Sara and in the southern portion of the ridge
(Zanicchi, 2005). These represent the more advanced
stage of erosion, when plant cover is not suﬃcient to
stabilise slopes: gullying starts deepening cuts (Figure
5(b)) forming wide, steep valleys where plants fail to
resettle (Bryan & Yair, 1982; Howard, 2009; Torri
et al., 2013). Denudation phenomena seem to have
been enhanced in the last centuries: many of these
features are clearly still active, pointing to a recent
phase of reactivation of diﬀuse erosive processes
(Compostella et al., 2012).
Deposition by surface running water is conﬁned to
ﬂat areas, where washout processes are somewhat
reduced, especially in correspondence of vegetation
or soil cover. Until streams stay ephemeral, or do
not ﬁt into an established washout system, they pro-
duce short-range colluvial deposits of mainly ﬁne
(sandy-silty) material, settling in continuous surfaces
along the sides of the slopes or, more often, to their
foot. When conditions allow, instead, the formation
of gullies inserted directly into the water system, sedi-
ments are rapidly discharged below. Many of the
counterscarps and hollows present on the slopes,
and in particular on till deposits, have been progress-
ively ﬁlled in time by decantation, forming marsh
deposits that in some cases are still active. Particu-
larly, interesting are the areas located between Mt.
Bagioletto and Mt. Cusna, where stable ﬂatter slopes
were covered by several tens of centimetres of collu-
vial material. The formation of these deposits belongs
to a time-frame compatible to the Little Ice Age (Kle-
ber & Terhorst, 2013; Mariani, 2016). Here, the same
reactivation of the erosive processes cited above,
possibly related to recent changes in land use, caused
the onset of intense washout processes and formed a
diﬀuse system of rills and gullies, progressively dis-
mantling by lateral erosion this old surface into sep-
arate shards (Figure 5(c)). The potential future
evolution of these landforms could shift towards stee-
per gullying and progressive denudation, as described
above, with a consequent weakening of surface stab-
ility and increase in landslide hazard.
5. Chronological framework
In the absence of a quantitative dating of most of the
landforms, it is diﬃcult to draw conclusions on the
morphoevolutionary chronology of any landscape.
Nevertheless, considering the geomorphological
characteristics of the area and the support of soil and
paleosol data from recent literature (Compostella
et al., 2012; Mariani, 2016), it is anyway possible to
give a reasonably reliable reconstruction of the land-
scape history of the ridge during the Holocene.
The extant landscape of the Mt. Cusna ridge is the
product of a series of processes periodically reactivated
during the Late Quaternary and especially in the Holo-
cene (Table 1). Before the retreat and disappearance of
the glacial cover at the end of the LGM (Losacco, 1982;
Panizza et al., 1982), glacier erosion and till deposition,
as well as periglacial shaping of the uncovered surfaces,
interested the landscape as a whole. Since deglaciation,
slope dynamics were subject to periodical phases of
reactivation. At the beginning of the Early Holocene,
slope denudation and continuous talus deposition,
with phases of landslide detachment, were probably
favoured by the end of a cooler phase (c. 13–12,000
years BP: Giraudi, 2017). Glacier retreat also possibly
triggered the activation of DGSD detachment. After-
wards, approaching the warmer Early and Middle
Holocene climatic conditions, a decrease in denudation
and in landslide events is recorded (Bertolini, 2007).
The shift to warmer conditions allowed the expansion
of a more stable vegetation, strengthening slope stab-
ility through the development of a continuous soil
cover (Compostella et al., 2014). In this period, soil for-
mation is probably the most common surface process.
Denudation started dismantling these soils only after-
wards, during the onset of the Neoglacial and through
Table 1. Chronological framework of the Late Quaternary
activation phases for the various form types in the area.
Form/deposit
Pleistocene Holocene





Glacis deposits ++ ?
Rock glaciers ++ ?
Protalus ramparts ++ + – +
Frost creep forms ++ + – +
Gravitational
Talus deposits + – + +
Debris ﬂows + – ++ –
Debris/rock slides + – ++ +
DGSD ++ + + +
Running water
Alluvial deposits + – + +
Colluvial deposits ? – + ++
Washout and gully
erosive forms
++ – + ++
Badlands ? – + ++
Note: Compilation is based from ﬁeld observation and comparison with
cited literature. LGM is Last Glacial Maximum; LIA is Little Ice Age.
Key: ++: very active; +: active; −: weakly active; ?: possibly active.
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the Late Holocene, in the form of slope movements and
surface water erosion. Successive colluvial deposition
and gullying events suggest multiple cycles of slope
reactivation, which could be explained by the onset
in this period of cooler and more ﬂuctuating climatic
conditions, aﬀecting vegetation and consequently
slope stability. Frost creep at higher elevations is also
related to cold phases. The appearance of human com-
munities and their impact on the Mt. Cusna landscape
also need to be considered, especially their contribution
in enhancing denudation phenomena through the
overexploitation of the plant cover and, later, ﬂocks
grazing (Butler, 2012, 2018). Evidence of wide forest
ﬁres was found for both the Mesolithic and the Middle
Ages (Compostella et al., 2012, 2014; Cremaschi et al.,
1984). After the Little Ice Age, a more recent pastoral
use of the territory, in combination with more intensive
forestry, added even more pressure on slopes, increas-
ing instability, denudation and the potential for unpre-
dictable destructive events, which entity is still to be
completely understood.
6. Conclusions
This survey allowed the identiﬁcation and characteris-
ation of lesser-investigated, but critical aspects of geo-
morphology and Quaternary geology of the Northern
Apennines, such as DGSDs, colluvial deposition and
denudation, mostly overlooked or under-represented
in previous works. Compared to the previous geomor-
phological mapping eﬀorts, the higher resolution, the
focus on the higher portion of the landscape and the
inclusion of the whole of the Mt. Cusna ridge allowed
to discover substantial diﬀerences in landscape
dynamics between diﬀerent lithologies and slopes,
while still ﬁnding continuity with the past survey and
interpretation. The various landforms could be con-
sidered as the result of overlapping surface processes,
constrained by the local geology and topography and
triggered by climatic variations. This approach brought
to the reconstruction of a possible chronological mor-
phoevolution of the area, in which each process could
be placed as part of a dynamic system changing
through time. In this sense, mapping the activity and
diversity of the High Apennines landscape can also
become a detailed assessment of the present and future
geomorphic hazards for the local communities, as well
as a potential guideline in land planning and safety.
Software
Cartographic design, including geodatabase pro-
duction, photo and DEM analysis, digitisation and
georeferentiation, was conducted in QGIS 2.4. QGIS
2.18 was used for the ﬁnal revisions and layout.
Acknowledgements
The authors would like to thank Giancarlo Donà and the
staﬀ of Hotel Sporting in Febbio for their hospitality and
logistic help during ﬁeldwork. GSM wishes to express his
deep gratitude to the late Alfredo Bini for its inestimable
contribution in the preparation of the preliminary draft of
this map.
Disclosure statement
No potential conﬂict of interest was reported by the authors.
Figure 5. (a) Diﬀuse denudation and washout forms on Le Prese area. (b) Denudation surfaces from intense gullying with formation
of badland-like forms South of Prati di Sara. (c) Lateral erosion from washout on colluvial deposits and soils on the Northern slope of
Mt. Cusna.
JOURNAL OF MAPS 399
Funding
This research was fully supported by a PhD grant from the
Università degli Studi di Milano. Financial support for pub-
lication fees from Università degli Studi di Milano, Progetto
Linea 2 (2017) entrusted to AZ.
ORCID





Argnani, A., Barbacini, G., Bernini, M., Camurri, F., Ghielmi,
M., Papani, G.,… Torelli, L. (2003). Gravity tectonics dri-
ven by Quaternary uplift in the Northern Apennines:
Insights from the La Spezia–Reggio Emilia geo-transect.
Quaternary International, 101–102, 13–26.
Bartolini, C., Bernini, M., Carloni, G. C., Costantini, A.,
Federici, P. R., Gasperi, G.,… Francavilla, F. (1982).
Carta neotettonica dell’Appennino settentrionale. Note
illustrative. Italian Journal of Geosciences, 101(4), 523–
549.
Bertolini, G. (2007). Radiocarbon dating on landslides in the
Northern Apennines (Italy). In R. McInnes, J. Jakeways,
H. Fairbank, & E. Mathie (Eds.), Landslides and climate
change (pp. 73–80). London: Taylor & Francis Group.
Bertolini, G., & Pellegrini, M. (2001). The landslides of
Emilia Apennines (Northern Italy) with reference to
those which resumed activity in the 1994–1999 period
and required civil protection interventions. Quaderni di
Geologia, 8(1), 27–74.
Bertolini, G., & Tellini, C. (2001). New radiocarbon dating
for landslide occurrences in the Emilia Apennines
(Northern Italy). Transactions, Japanese
Geomorphological Union, 22(4), C–23.
Biagi, P., Castelletti, L., Cremaschi, M., Sala, B., & Tozzi, C.
(1980). Popolazione e territorio nell’Appennino Tosco-
Emiliano e nel tratto centrale del bacino del Po e nelle
Prealpi bresciane tra il IX ed il V millennio. Emilia
Preromana, 8, 13–36.
Bortolotti, V.1992). Guide Geologiche Regionali: Appennino
Tosco-Emiliano. Milano: BE-MA Editrice.
Brancaccio, L., Castiglioni, G. B., Chiarini, E., Cortemiglia,
G., D’Oreﬁce, M., Dramis, F.,… Pellegrini, G. B. (1994).
Carta Geomorfologica d’Italia – 1:50.000. Guida al rileva-
mento. Quaderni del Serv. Geol. Naz. serie III. 4. 42 pp.
Roma.
Bruschi, V. M., Coratza, P., Piacentini, D., & Soldati, M.
(2012). Geomorphological features of the Rio della
Rocca valley (Northern Apennines, Italy). Journal of
Maps, 8, 445–452.
Bryan, R. B., & Yair, A. (eds.). (1982). Badland geomorphol-
ogy and piping. Norwich: Geo Books.
Butler, D. R. (2012). The impact of climate change on pat-
terns of zoogeomorphological inﬂuence: Examples from
the Rocky Mountains of the Western U.S.A.
Geomorphology, 157–158, 183–191.
Butler, D. R. (2013). The ﬁeld tradition in mountain geomor-
phology. Geomorphology, 200, 42–49.
Butler, D. R. (2018). Zoogeomorphology in the
Anthropocene. Geomorphology, 303, 146–154.
Carton, A., & Panizza, M. (eds.). (1988). Il paesaggio ﬁsico
dell’Alto Appennino emiliano. Bologna: Graﬁs.
Castelletti, L., & Cremaschi, M. (1975). Deposito mesolitico
del passo della Comunella, Appennino Tosco- Emiliano.
Preistoria Alpina, 11, 133–154.
Castelletti, L., Cremaschi, M., & Notini, P. (1976).
L’insediamento di Lama Lite sull’Appennino Tosco-
Emiliano. Preistoria Alpina, Museo Tridentino di Scienze
Naturali, 12, 7–32.
Compostella, C., Mariani, G. S., & Trombino, L. (2014).
Holocene environmental history at the treeline in the
Northern Apennines, Italy: A micromorphological
approach. The Holocene, 24(4), 393–404.
Compostella, C., Trombino, L., & Caccianiga, M. (2012).
Late Holocene soil evolution and treeline ﬂuctuations in
the Northern Apennines. Quaternary International, 289,
46–59.
Cremaschi, M., Biagi, P., Accorsi, C. A., Bandini Mazzanti,
M., Rodolﬁ, G., Castelletti, L., & Leoni, L. (1984). Il sito
mesolitico di Monte Bagioletto (Appennino Reggiano)
nel quadro delle variazioni ambientali oloceniche
dell’Appennino Tosco-Emiliano. Emilia Preromana, 9/
10, 11–46.
Cremaschi, M., & Nicosia, C. (2012). Sub-Boreal aggradation
along the Apennine margin of the central Po plain:
Geomorphological and geoarchaeological aspects.
Géomorphologie: Relief, Processus, Environnement, 18,
155–174.
Della Seta, M., Esposito, C., Marmoni, G. M., Martino, S.,
Scarascia Mugnozza, G., & Troiani, F. (2017). Morpho-
structural evolution of the valley-slope systems and
related implications on slope-scale gravitational processes:
New results from the Mt. Genzana case history (Central
Apennines, Italy). Geomorphology, 289, 60–77.
D’Oreﬁce, M., & Graciotti, R. (2015). Rilevamento geomorfo-
logico e Cartograﬁa. Palermo: Dario Flaccovio Editore.
Dramis, F., & Bisci, C. (1998). Cartograﬁa Geomorfologica.
Bologna: Pitagora Editrice.
Dramis, F., & Sorriso-Valvo, M. (1994). Deep-seated gravita-
tional slope deformations, related landslides and tectonics.
Engineering Geology, 38, 231–243.
Federici, P. R. (1977). Tracce di glacialismo pre-wurmiano
nell’Appennino Parmense. Rivista Geograﬁca Italiana,
84, 205–216.
Federici, P. R., & Tellini, C. (1983). La Geomorfologia
dell’Alta Val Parma (Appennino Settentrionale). Rivista
Geograﬁca Italiana, 90, 393–428.
Food and Agriculture Organization of the United Nations
(FAO). (2006). Guidelines for soil description. Rome: FAO.
Gale, S. J., & Hoare, P. G. (1991). Quaternary sediments.
London: Belhaven Press.
Gelati, R. (2013). Storia Geologica del paese Italia. Parma:
Diabasis.
Giraudi, C. (2014). Coarse sediments in Northern Apennine
peat bogs and lakes: New data for the record of Holocene
alluvial phases in peninsular Italy. The Holocene, 24(8),
932–943.
Giraudi, C. (2017). Climate evolution and forcing during the
last 40 ka from the oscillations in Apennine glaciers and
high mountain lakes, Italy. Journal of Quaternary
Science. doi:10.1002/jqs.2985
Gori, S., Falcucci, E., Dramis, F., Galadini, F., Galli, P.,
Giaccio, B.,… Cosentino, D. (2014). Deep-seated gravita-
tional slope deformation, large-scale rock failure, and
active normal faulting along Mt. Morrone (Sulmona
basin, Central Italy): Geomorphological and paleoseismo-
logical analyses. Geomorphology, 208, 88–101.
400 G. S. MARIANI ET AL.
Goudie, A. S. (ed.). (2004). Encyclopedia of geomorphology.
London: Routledge.
Howard, A. D. (2009). Badlands and gullying. In A. J.
Parsons & A. D. Abrahams (Eds.), Geomorphology of
desert environments (2nd ed., pp. 265–299). Springer:
Berlin.
Kleber, A., & Terhorst, B. (eds.). (2013). Mid-latitude slope
deposits (cover beds). Developments in sedimentology 66.
Amsterdam: Elsevier.
Klingﬁeld, R. (1979). The Northern Apennines as collisional
orogen. American Journal of Science, 279, 679–691.
Losacco, U. (1949). La glaciazione quaternaria
dell’Appennino Settentrionale. Rivista Geograﬁca
Italiana, 56(2), 90–152.
Losacco, U. (1982). Gli antichi ghiacciai dell’Appennino set-
tentrionale. Studio morfologico e paleogeograﬁco. Atti
della Societa dei Naturalisti e Matematici di Modena,
113, 1–24.
Manzi, V., Leuratti, E., Lucente, C. C., Medda, E., Guerra, M.,
&Corsini, A. (2004). Historical and recent hydrogeological
instability in the Monte Modino area: Valoria. Tolara and
Lezza Nuova Landslide Reactivations. GeoActa, 3, 1–13.
Mariani, G. S. (2016). The role of paleosols in paleoenviron-
mental studies: genesis and development of Apennine
mountain soils during the Holocene (Doctoral disser-
tation). Università degli Studi di Milano, Milano, Italy.
Retrieved from https://air.unimi.it/handle/2434/359464
Ministero dell’Ambiente e della Tutela del Territorio e del
Mare. (2017). Ortofoto colore 2012. Retieved from
http://www.pcn.minambiente.it/viewer
Molli, G. (2008). Northern apennine–corsica orogenic sys-
tem: An updated overview. Geological Society, London,
Special Publications, 298(1), 413–442.
Molli, G., Crispini, L., Malusà, M., Mosca, P., Piana, F., &
Federico, L. (2010). Geology of the Western Alps-
Northern Apennine junction area: A regional review. In:
Beltrando, M., Peccerillo, A., Mattei, M., Conticelli, S.,
Doglioni, C. (Eds.). The Geology of Italy. Journal of the
Virtual Explorer, 36, 9. doi:10.3809/jvirtex.2009.00215
Panizza, M., Bettelli, G., Bollettinari, G., Carton, A.,
Castaldini, D., Piacente, S.,…Marini, A. (Gruppo
Ricerca Geomorfologia CNR) (1982). Geomorfologia del
territorio di Febbio tra il M.Cusna e il F.Secchia
(Appennino Emiliano). Geograﬁa Fisica Dinamica
Quaternaria, 5, 285–360.
Piacentini, D., Ercolessi, G., Pizziolo, M., & Troiani, F.
(2015). Rockfall runout, Mount Cimone area, Emilia-
Romagna Region, Italy. Journal of Maps, 11(4), 598–605.
Regione Emilia-Romagna. (2017). Cartograﬁa di base.
Retrieved from http://geoportale.regione.emilia-romagna.
it/it/catalogo/dati-cartograﬁci/cartograﬁa-di-base
Ricci Lucchi, F. (1986). The oligocene to recent foreland
basins of the Northern Apennines. In P. A. Allen & P.
Homewood (Eds.), Foreland basins (pp. 105–140).
Blackwell: Freiburg.
Servizio Geologico, Sismico e dei Suoli (SGSS) - Regione
Emilia-Romagna. (2007a). Carta geologica
dell’Appennino Emiliano-Romagnolo, scala 1:10 000.
Sezione 235050: Ligonchio. Bologna: SGSS.
Servizio Geologico, Sismico e dei Suoli (SGSS) - Regione
Emilia-Romagna. (2007b). Carta geologica
dell’Appennino Emiliano-Romagnolo, scala 1:10 000.
Sezione 235060: Febbio. Bologna: SGSS.
Servizio Geologico, Sismico e dei Suoli (SGSS) - Regione
Emilia-Romagna. (2007c). Carta geologica
dell’Appennino Emiliano-Romagnolo, scala 1:10 000.
Sezione 235090: Monte Cusna. Bologna: SGSS.
Servizio Geologico, Sismico e dei Suoli (SGSS) - Regione
Emilia-Romagna. (2007d). Carta geologica
dell’Appennino Emiliano-Romagnolo, scala 1:10 000.
Sezione 235100: Civago. Bologna: SGSS.
Servizio Geologico, Sismico e dei Suoli (SGSS) - Regione
Emilia-Romagna. (2017). Catalogo dei dati geograﬁci.
Retrieved from http://geo.regione.emilia-romagna.it/
geocatalogo/
Siddiqui, S., & Soldati, M. (2014). Appraisal of active tectonics
using DEM-based hypsometric integral and trend surface
analysis in Emilia-Romagna Apennines, Northern Italy.
Turkish Journal of Earth Sciences, 23, 277–292.
Soldati, M., Borgatti, L., Cavallin, A., De Amicis, M., Frigerio,
S., Giardino, M.,… Zanchi, A. in coll. with Alberto, W.,
Albanese, D., Chelli, A., Corsini, A., Marchetti, M.,
Palomba, M., Panizza, M. (2006). Geomorphological evol-
ution of slopes and climate changes in northern Italy
during the late Quaternary: Spatial and temporal distri-
bution of landslides and landscape sensitivity impli-
cations. Geograﬁa Fisica e Dinamica Quaternaria, 29(2),
165–183.
Taramelli, A., & Melelli, L. (2009). Map of deep seated grav-
itational slope deformation susceptibility in central Italy
derived from SRTM DEM and spectral mixing analysis
of the Landsat ETM + data. International Journal of
Remote Sensing, 30, 357–387.
Tellini, C., & Chelli, A. (2003). Ancient and recent landslide
occurrence in the Emilia Apennines (Northern
Apennines, Italy). In Proceedings of the workshop on geo-
morphological sensitivity and system response (pp. 105–
114). Italy: Camerino-Modena Apennines.
Torri, D., Santi, E., Marignani, M., Rossi, M., Borselli, L., &
Maccherini, S. (2013). The recurring cycles of biancana
badlands: Erosion, vegetation and human impact.
Catena, 106, 22–30.
Vai, G. B., & Martini, I. P. (2001). Anatomy of an Orogen:
The Apennines and adjacent Mediterranean basins.
Dordrecht/Boston/London: Kluver Academic Publisher.
Vescovi, P. (1988). La linea trasversale Passo della Cisa – Val
Parma – Bassa Val d’Enza: 1. Sistema trascorrente sinistro
nella zona del Passo della Cisa (Prov. di Parma). L’Ateneo
Parmense-Acta Naturalia, 24, 221–243.
Zanicchi, I. (2005). I Prati di Sara. Milano: Mondadori.
JOURNAL OF MAPS 401
